INTRODUCTION
People with intellectual disability are a minority group, accounting for ∼1% of the population. 1 Also known as intellectual developmental disorder, intellectual disability, is an enduring condition involving impairment of general mental abilities which is first apparent during the developmental period and impacts significantly on the person's adaptive functioning. 2 Typically, a person with intellectual disability has an extremely low IQ score (measured as two or more SDs below the population mean) with deficits in adaptive behaviours and a reduced capacity to engage in conceptual cognitive functions such as learning, reasoning and planning. 2 
Strengths and limitations of this study
▪ This data linkage study builds a rich resource which allows the in-depth examination of the health profile and service contact of people with intellectual disability. ▪ In the Australian context of dispersed and relatively low population size, this is the most efficient methodology, yet in itself requires considerable time and financial resources. ▪ Results will be used to inform the development of more appropriate service models and policy frameworks for people with intellectual disability. ▪ Our study includes only people with intellectual disability who have received disability services for intellectual disability or who have been diagnosed or identified by the hospital or emergency department as having an intellectual disability. It does not contain primary healthcare records. ▪ Administrative data are not collected specifically for research but rather for record keeping and aggregate data purposes; therefore, some variables of potential interest are not available.
Compared to the general population, people with intellectual disability are more likely to experience poor physical and mental health including complex health conditions such as epilepsy, sensory impairments, gastrointestinal problems, respiratory disorders, obesity, diabetes, osteoporosis and oral health problems. 3 A lower life expectancy than the general population underscores the significant health inequality experienced by this population group. 4 The prevalence of mental disorders is very high, with recent estimates in children and adolescents with intellectual disabilities indicating comorbidity rates of between 30% and 50%. 5 Compared to the general population, people with intellectual disability experience higher rates of schizophrenia, affective disorders, anxiety disorders and dementia and rates of mental disorders in this population increase in keeping with the degree of disability. [6] [7] [8] Schizophrenia has an earlier onset in people with intellectual disability, underscoring a specific developmental vulnerability to mental illness and the importance of timely access to psychiatric services for this group. 9 Despite the over-representation of physical and mental disorders, access to health and mental health services for people with intellectual disability in Australia is limited and falls far short of that for the general population. 10 11 Barriers to effective health and mental healthcare for people with intellectual disability include: a lack of substantial epidemiological data on prevalence of physical and mental illness in people with intellectual disability; poor identification of people with intellectual disability due to masking and comorbidity; 9 unavailability or lack of appropriate application of existing assessment instruments; discrimination in healthcare systems;
12 a dearth of data on the interaction between, and distinct roles and responsibilities of, disability and mental health services; 13 a lack of training and confidence of health professionals in treating people with intellectual disability; [14] [15] [16] [17] poor understanding by carers, 18 disability and mental health workers of the manifestations of mental disorders in people with an intellectual disability; 19 20 a lack of coherent service models; inadequate funding for intellectual disability mental health services; 13 poor coordination between services and treating agencies; 21 scant services preventing involvement in the criminal justice system 22 and a lack of specific inclusion of people with intellectual disability in the formulation of health and mental health policy.
Here we describe the creation of a linked administrative data set resource from which we explore the health and mental health profile and service use of people with intellectual disability. Potential analyses include descriptive profiling of the diagnoses given to people with intellectual disability within health service systems, characteristics and predictors of service use and costs and examination of health outcomes and their predictors. Comparisons can be made with the general population, as derived from the linked data set and publically available statistics. Although the main objective of the overall programme of work is to build a detailed profile of the health and health service system use of people with intellectual disability, the substantial unmet mental health needs of people with intellectual disability 13 23 and award of specific funding have created an imperative for a specific mental health subtheme.
The data linkage which forms the basis for this work has been made possible through a National Health and Medical Research Council Australia funded Partnerships for Better Health grant (ID: APP1056128; Title: Improving the Mental Health Outcomes of People with an Intellectual Disability), which is a larger collaborative project including academics, government and nongovernment organisations and people with intellectual disability. The broader partnership work has several themes including big data, qualitative work examining barriers and enablers to access and a national and state policy analysis. A cohesive knowledge translation framework has been developed which triangulates results from each theme and uses the findings to guide the development of healthcare services and policy for people with intellectual disability and mental illness at Australian Government and State Government level. The data linkage component has several benefits including large sample sizes and the potential for greater efficiency in time and resources of longitudinal data. Interrogation of linked data identifies the linkages and gaps between service sectors, and the benefit of cross-sector work.
COHORT DESCRIPTION
Administrative data sets relating to disability services, health services and mortality in NSW, Australia, have been linked at an individual level to allow an examination of the pattern and determinants of service use/ contact over time for those with established intellectual disability and those without known intellectual disability.
Project resourcing and development
Considerable time and resources have been required to develop the data linkage component of the study. Piloting of the project occurred in 2012, when the team sought approval to link a subset of one-third of the NSW ambulatory mental health data set to the Disability Services Minimum Data set (DS-MDS). Following proof of concept and publication of initial results 24 further funding was obtained to undertake the current linkage. Overall resourcing to date has been substantial and includes approximately 2 years full-time salary equivalents for a research officer, 2-year full-time salary equivalent for a data analyst, oversight of the project by a senior academic, substantial costs associated with linkage and storage of data sets and multiple in kind contributions from partner agencies and collaborators.
Overview of data sources
There is no single registry which collects information about people with intellectual disability. In this project, multiple data sets have been used to help identify those with intellectual disability. All people identified as having intellectual disability fulfilled either Diagnostic and Statistical Manual of Mental Disorders (DSM) IV or International Statistical Classification of Diseases and Related Health Problems 10th revision (ICD-10) criteria for a diagnosis of intellectual disability.
Disability services data
The DS-MDS is a de-identified data set which collates information about people receiving disability services in NSW, including the nature of their disability and the services provided to persons with a disability. The main services provided by the agency, Ageing, Disability and Home Care (ADHC), include accommodation, community support, community access and respite. Such information is routinely collected by each Australian State and Territory under the National Disability Agreement. 25 Given the services provided, the DS-MDS contains information on service recipients' demographics, living arrangements, support needs, carers and services received. A full list of the variables in this data set is presented in online supplementary file 1. The DS-MDS includes n=73 674 children and adults who resided in NSW and who were registered to receive a disability service between 01 July 2005 and 30 June 2012. From this data set, a total of 42 243 people with intellectual disability was identified. Fulfilment of DSM IV criteria for intellectual disability was required in order to be eligible to receive a service due to intellectual disability.
Health services data NSW Admitted Patient Data Collection
The NSW Admitted Patient Data Collection (APDC) is a de-identified data set which collates information on all admitted patient services provided by NSW public hospitals, public psychiatric hospitals, public multipurpose services, private hospitals and private day procedures centres. It contains dates of admissions and separations for each episode of care, up to 50 diagnoses relevant to each episode of care, the source of referral, separation mode and procedures based on ICD-10 Australian version. 26 The current project includes APDC data on separations that occurred between 1 January 2005 and 30 June 2012 for 1 016 446 people. A list of the variables in this data set is included in online supplementary file 2.
NSW Emergency Department Data Collection
The NSW Emergency Department Data Collection (EDDC) is a de-identified data set which collates information on presentations to an emergency department (ED) in a NSW public hospital. It includes dates and times of presentation and discharge, reason for presentation, triage category and outcome of the presentation (discharge, transfer or death). The study includes data from 1 January 2005 to 30 June 2012 for 188 359
people. There are 150 ED centres in NSW, and 90 (60%) of those participated in the data collection. 27 Although only 60% of the ED centres participated in the data collection, these reporting centres are larger centres hence a substantial proportion of the presenting population is covered. A listing of variables in the EDDC is displayed in online supplementary file 3.
Mortality data
There are two data sets containing mortality information. Observations in both data sets are based on the year of registration of the death rather than the year the death occurred, although in most cases these are equivalent. The mortality information available for linkage includes only people who died in NSW.
NSW Registry of Births, Deaths and Marriages Data
The NSW Registry of Births, Deaths and Marriages (RBDM) registers all deaths that occur in NSW and contains raw and uncoded data in the death certificate. 
Cohort definition
Our data linkage contains the records of a cohort of people with intellectual disability who have ever received disability services in NSW recorded in the DS-MDS described above (n=73 674) and those who have been identified as having intellectual disability through diagnosis codes in the APDC and the EDDC in a NSW hospital. These 'intellectual disability' codes are: F700-F701; F708-F709; F710-F711; F718-F719; F720-F721; F728-F729; F730-F731; F728-F729; F730-F731; F738-F739; F780-F781; F788-F791; F843-F844; F798-F799; Q900-Q902; Q909; Q910-Q912; Q913; Q914-Q916; Q917; Q930-Q939; Q992; P043; Q860; Q861; Q862; Q868 Q870-Q873; Q875; Q878; Q898. These codes include intellectual disability due to childhood disintegrative and overactive disorders associated with mental retardation, intellectual development delay, mild through profound mental retardation, Down syndrome and other chromosomal anomalies associated with mental retardation, Fragile X syndrome and congenital malformation syndromes due to known exogenous causes. Those diagnosed with autism without a co-occurring intellectual disability are not defined as having an intellectual disability for the purposes of this project. The intellectual disability cohort accounts for 0.6% of the NSW population in 2011, and people with mild intellectual disability may be underrepresented.
To compare mental health profile and service usage in people with and without intellectual disability, a cohort comprising people who either used mental health services or who had a mental health diagnosis, regardless of the intellectual disability status, was also formed (n=1 073 139). People in this cohort had at least one admission to a psychiatric ward or were diagnosed with at least one mental health ICD10 code (F00-F25,  F28-F48, F50, F51, F53-F73, F78-F91, F93-F99 ) during any hospital admission ( psychiatric or non-psychiatric) or during any presentation to an ED. We then link these data to the intellectual disability status in order to quantify and compare rates and patterns of mental ill-health in people with intellectual disability and the general population.
For other health usage, we will compare the results of our cohort with information published by HealthStats NSW or the Australian Institute for Health and Welfare (AIHW). We will calculate rates of ED presentations, non-mental health hospital episodes and death in our cohort using appropriate data sets. For comparison with the general population, we will use AIHW published results for ED presentations in NSW and all cause hospitalisations in NSW, as well as death from HealthStats NSW. To make direct comparisons between the cohort of people with intellectual disability and the general population, we will standardise the usage rates on age and sex using the Australian Standard Population. If published data permit, we will adjust for the impact of deprivation using the regression method.
Data linkage
Linkage of the aforementioned data sets was performed by the NSW Centre for Health Record Linkage (CHeReL). The CHeReL maintains a linkage system for health-related data in NSW in accordance with all ethical, legal, privacy and confidentiality requirements. The CHeReL keeps a Master Linkage Key (MLK) that consists of continuously updated links between most NSW Health data sets. The CheReL does not house the data; all data sets are kept by the respective data custodians.
Individuals in the DS-MDS were identified and their records matched in a deterministic manner using a Statistical Linkage Key (SLK581) identifier. Records in the APDC, EDDC and RBDM are matched to individuals using an MLK. 28 The CHeReL created an SLK581 identifier for the matched APDC, EDDC and RBDM records and linked this with the SLK581 keys in the DS-MDS. We do not have information on the false-positive rate using the deterministic approach; however, it is expected to be higher than 5/1000 aimed for by the CHeReL. Currently, the CHeReL linked 43 772 (59%) records of people in DS-MDS to APDC, EDDC, ABS or RBDM and 29 902 (41%) records did not link to APDC, EDDC, ABS or RBDM.
Data custodians provided the CHeReL with an encrypted client number and relevant personal information for all clients over the relevant time periods. The CHeReL linked the DS-MDS database to the NSW data collections of APDC, EDDC, ABS and RBDM using the linkage method described above and provided each data custodian a project person number (PPN) and an encrypted client number for each database. The data custodians decrypted the source record number and merged the PPN with their data sets for use in this project. The source record number was removed, and the researchers were provided with de-identified files containing only the PPN and relevant study variables. The PPN allowed for merging the various data sets as needed.
Data cleaning and plan of analyses
Once the linked data were received, a data cleaning process was carried out including checking for unexpected trends, checking that the data were complete with all requested variables available and a validity check. People who appeared with a different sex or different data of birth/date of death in different data sets were excluded from the data set.
The analyses described in this paper include the demographic profiles such as age, sex, area of residence and socioeconomic status, as well as health resource usage for people with intellectual disability.
Ethics
Ethics approval was obtained from the NSW Population and Health Services Research Ethics Committee (AU RED Study Reference Number: HREC/13/CIPHS/7; CINSW Reference Number: 2013/02/446), and access to the data sets was granted by relevant data custodians. An ethics requirement is that the linked data can only be analysed at the physical location of the researchers undertaking this work (The Department of Developmental Disability Neuropsychiatry, UNSW Sydney). The timeframe from submitting the ethics application to ethics approval was ∼12 months and another 8 months from ethics approval to receipt of the data. Figure 1 shows the number of people identified as having intellectual disability in the DS-MDS, APDC and EDDC data sets. Percentages of people with intellectual disability in each individual data set are 82% (n=42 243) in the DS-MDS; 47% (n=24 242) in the EDDC and 55% (n=28 233) in the APDC. A total of 34% (n=17 267) appear in all three data sets, 6% (n=2932) appear only in the DS-MDS and the APDC, 10% (n=5037) appear in the DS-MDS and the EDDC and 4% (n=1898) appear in the EDDC and the APDC. Note that in order to be included in our cohort, an individual had to receive a service with an intellectual disability flag. However, not all people with intellectual disability would necessarily have a hospital admission or ED presentation record. Overall, 82% of the cohort received disability services due to their intellectual disability. Of the remaining 18% who did not receive disability services due to intellectual disability, 2.3% received disability services for nonintellectual disability related needs. Table 1 displays the demographics of the study population in each data set DS-MDS, APDC, EDDC and RBDM. The data shown is on a person level, and a person may have multiple records in the full analysis period of 2005-2012. Our cohort comprises 51 452 people with intellectual disability with a median age of 24 at the time of their last admission to a hospital or day procedure centre and a median age of 21 at their last presentation to an ED. The median age of death is 56 years. The cohort has a higher proportion of men than women: across the data sets, the proportions of men range between 57% and 60%. Two-thirds of people live in a major city and about one-quarter lives in an inner regional city and 6% live in outer regional cities. Across all health services, only 15% of people with intellectual disability live in the least disadvantaged neighbourhoods. Table 2 presents information from the APDC and EDDC data sets on a record level (ie, multiple records for one person). As the RBDM is the same whether it is presented at a person (table 1) or record level, it has not been retabulated in table 2.
FINDINGS TO DATE
Proportions of intellectual disability are similar on a record level and on a person level basis. Percentages of the records in the APDC and in EDDC that were defined as from people with intellectual disability are 3% and 12%, respectively. Consistent across all data sets a higher proportion of men with intellectual disability receive health services than women (tables 1 and 2).
The proportion of people who received disability services is lower when assessed at the record level (59% and 78%) than on the person level (72% and 92%), in the APDC and EDDC data sets. This indicates that those who have ever received disability services have, on average, fewer ED presentations and admissions to hospital than those who have not received disability services.
Overall, for the APDC and EDDC, there are on average eight records per person in the full record database. The number of hospitalisations (data from the APDC) is displayed in figure 2 , and the number of ED presentations (data from the EDDC) is displayed in figure 3 . The distribution of the number of hospitalisations (APDC) and ED presentations (EDDC) is highly skewed.
As seen in figures 2 and 3, over 70% of people with intellectual disability have up to five ED presentations and hospitalisations.
Future directions
Four major themes will be the focus of the project: hospital admissions, ED presentations, mortality and costs. Analyses will include predictors of hospital admission and re-admission, frequency and length of stay for health and mental health admissions. We will investigate the demographics of people with intellectual disability who present at the ED, their rate of service use, arrival mode and whether ED presentations were considered a GP-type presentation. Mortality rates and predictors of mortality in people with intellectual disability will be examined as well as associations between use of disability services and comorbidities on mortality. Finally, costs of hospital services will be investigated.
STRENGTHS AND LIMITATIONS
Our linkage approach enables the inclusion of a broad range of people with intellectual disability in NSW, the most populous state in Australia. Similarities in demography between most states and territories in Australia enhance the generalisability of our results to Australian service users with an intellectual disability.
The data linkage enables us to conduct analyses examining patterns of service use related to different components of the health service system (inpatient, emergency, adult services, children and younger people's services), and costs associated with healthcare, and mortality, cause and predictors of death. A greater understanding of service and indices of health system efficiency for people with intellectual disability will emerge, for example, through the frequency and timeframe of readmissions to hospital, representations to ED and their predictors. The inclusion of an additional mental health cohort in our data set will allow a direct comparison between the mental health profile and service use of people with and without intellectual disability.
The analysis of linked health and disability service data fills a current gap in the Australian knowledge base regarding the health profile and service system needs of intellectual disability. These data will be triangulated with the other two main projects within this programme of research, to improve access to and quality of healthcare for people with intellectual disability. Our results will inform sector and services development. In light of the Australian rollout of the National Disability Insurance Scheme (NDIS) including in NSW, the project is an important source for informing policy and practices to improve the coordination between health and disability sectors. Our study will establish baseline health and mental health profiles, service use and costs across multiple components of the health services system, against which NDIS-related change can be interrogated.
A number of challenges have been encountered in establishing this data infrastructure. The data linkage process is time-intensive and resource-intensive. Researchers need to be aware that the process of applying for, combining and cleaning these data sets can take months or even years and requires experienced data analysts. In particular the relatively lengthy process of applying for/waiting for the linked data and receiving ethics clearance can be a major challenge for research projects that are only funded from external sources for a limited amount of time. As with most administrative data sets, data have been collected for administrative rather than clinical purposes, and as such has significant shortcomings. For example, in the hospitalisation data, if a person had multiple diagnoses in one episode, we do not have information on the length of each diagnosis or the severity of it. Coverage is limited in three respects. Our data do not reflect all ED presentations because not all departments contribute to this minimum data set. Importantly however, the majority of people live in areas with contributing EDs, so the impact is minimal in our study. We cannot identify all people with intellectual disability, rather those who have received disability services for intellectual disability or who have been diagnosed or identified by the hospital or ED as having an intellectual disability. Therefore, we are missing those individuals with intellectual disability who were not considered eligible for disability services and in whom intellectual disability was not recognised or coded by health services. The excluded individuals are highly unlikely to be a random subset of those with intellectual disability; rather they are more likely to be people with milder Record linkage can sometimes erroneously make falsepositive links or fail to link when a true link exists (false negative). Additionally, administrative data are not collected specifically for research but rather for record keeping and aggregate data purposes. Some variables, for example, relating to severity of disability or measures of adaptive behaviour, that we would like to include in our models are not available in the data. In turn, this may increase the chances of omitted variable bias in our models. The current linkage does not include community health services or general practitioner records which may add additional value to the analyses as it requires linking data from different jurisdiction and not feasible at the time of this study. Finally, our cohort with intellectual disability is heterogeneous as we used multiple data sources with differences in definition or context of diagnosis of intellectual disability, which can be easily adjusted in the analyses.
An update of the cohort with inclusion of additional data is currently in progress. Specifically, we will add data from Corrective Services NSW, NSW Department of Education and NSW Public Guardian and we will extend the timeframe to 2001-2016. This will allow us to identify, quantify and cost health and other services provision to people with ID within the various cohorts of interest.
In conclusion by interrogating the linked disability and health data sets and triangulating this with data derived from an analysis of Commonwealth and State Mental Health Policy and a qualitative research approach with stakeholder engagement to improve accessibility, this project will inform the development of more appropriate service models and policy frameworks for people with intellectual disability.
COLLABORATION
Initial data analyses and publications will be generated by investigators on the NHMRC partnerships for better health: improving the mental health outcomes for people with an intellectual disability. However, the research team is open to potential research collaborations; researchers interested in collaboration should contact the corresponding author with their expression of interest. Access to the data and analytical files is only permitted with the expressed permission of the approving human research ethics committees and data custodians. Analysis of linked data is currently authorised to occur at only one location, owing to ethical considerations.
